The lysis of antigen presenting cells (APCs) by cytotoxic T lymphocytes (CTLs) may be one mechanism whereby an immune response is downregulated by Staphylococcus superantigens. Disappearance of monocyteshnacrophages from staphylococcal enterotoxin A (SEA)-activated peripheral blood mononuclear cell (PBMC) cultures, but not from control PBMC cultures was seen by flow cytometry. Recently, adenosine triphosphate (ATP) has been described as an effector molecule in CTL-mediated lysis of some murine tumor target cells. We have also shown that ATP caused the lysis of human macrophages, and that treatment of cells with interferon y (IFNy) rendered macrophages significantly more sensitive to ATP than untreated cells. To show that this purine nucleotide may play a role in modulating the immune system, we generated human CTLs that were stimulated YSIS OF antigen presenting cells (APCs) has been reported to effect the elimination of intracellularly infected macrophages,'.' downregulation of the immune re~p o n s e ,~.~ and to contribute to a~toimmunity,~-~ though specific analysis of macrophage death is not complete. Considerable information exists on the mechanisms of cell-mediated cytotoxicity of cytotoxic T lymphocytes (CTLs), which can kill both normal and abnormal targets. CTLs are characterized as typically antigen-specific and require activation with a preprogrammed epitope in the context of major histocompatability complex (MHC) class I or class I1 of APCs. Lysis of target cells occurs after triggering and delivery of a lethal hit, whether by granule exocytosis or other mechanism.'.' Death then results from pore formation andor DNA fragmentation.'.'' Many soluble mediators of target cell lysis have been identified from killer cell granules, eg, perforin, serine esterases, tumor necrosis factor (TNF), phospholipases, and proteoglycans, each of which demonstrates toxicity against a variety of target cells."*'2 Exocytosis of granule contents, laden with numerous cytotoxins, has been thought to be the mechanism by which target cells are killed. In recent studies using perforin knock-out mice, perforin was found to be an important mediator in the elimination of virally-infected lymphocytes by CTLS.'~,'~ However, a second pathway was also required which involved ligation of the Fas antigen, an apoptosis-signaling receptor molecule, on target cells by CTLs which possess the Fas l i g a~~d . '~. '~ In these studies, the combination of Fas ligand and perforin granules in CTLs appeared to be the major mechanisms of CTL-mediated cytotoxicity against tumor cells, alloantigen responses, syngeneic activated lymphocytes, and virus-infected fibroblasts. However, it is also hypothesized that other lytic mechanisms, which may or may not include degranulation, must exist.
One possible soluble mediator that has recently been described, extracellular adenosine triphosphate (ATP), does not require Caz+ and may explain some of the Caz+-independent lytic activities of CTLS.'~.'~ In this regard, Filippini et all8 suggested the possibility that ATP, acting on an ATP receptor or ectoprotein kinases of target cells, may lead to CTL,- with SEA, and used them as effector cells against SEApulsed autologous macrophages. CTLB were found to specifically lyse SEA-pulsed macrophages, while control, unpulsed, macrophages were unaffected. The addition of hexokinase, an enzyme that hydrolyzes ATP, significantly abrogated the killing of SEA-pulsed cells during the assay. In examining the mechanism of cytotoxicity, electron microscopy showed that macrophages incubated with both ATP and CTLs underwent necrosis, rather than apoptosis. From these results, it is suggested that ATP is released from CTLs during antigen presentation, and that IFNy-activated macrophages, which are inherently more sensitive to this mediator, are readily lysed and therefore removed from circulation, thus downregulating an immune response. induced target death. Not only has the ATP-mediated lysis of certain murine tumor cells been documented, specific CTL lysis of these tumor cells can be inhibited by ATP-degrading enzymes." In addition, CTLs can be induced to release ATP by triggering with ConA or antibodies against the T-cell receptor (TCR). The classical natural killer target cell, YAC-1, has also been shown to be lysed by millimolar amounts of ATP, an event accompanied by membrane depolarization and Ca" influx, whereas ATP-mediated lysis of another target cell, P81.5, also involves DNA fragmentation." CTLs and lymphokine-activated killer (LAK) cells, as putative sources of ATP, have been shown to be resistant to its lytic effects, possibly via the presence of ecto-ATPases that would effectively eliminate self-generated ATP from its own membrane."
Staphylococcal enterotoxin A (SEA) has recently been the focus of numerous studies involving superantigens and their interrelationship with the immune system. By definition, a superantigen is an antigen that bypasses the specific immune response because it can directly bind to MHC class I1 molecules, without processing by an APC.22-z4 This MHC class II/toxin complex then interacts with specific TCR VD chains outside the variable r e g i o n~, 2~.~~ resulting in stimulation of a high proportion of T cells. SEA-pulsed macrophages were used as a model system in the present studies to explore CTL/APC interactions, without the constraints of antigen specificity. Preparation of human leukocytes. PBMC were isolated from leukocyte buffy coats, obtained from normal volunteers at the Southwest Florida Blood Bank, as previously described.' PBMC were suspended in RPM 1640 medium (GIBCO Laboratories, Grand Island, NY) containing 5% heat-inactivated human AB serum (Flow Laboratories, McLean, VA), 2 mmol/L L-glutamine, 10 U/mL penicillin, 100 ug/mL streptomycin, 5 mmol/L HEPES buffer, and 5 x M2-rnercaptoethano1, and will subsequently be referred to as complete medium.
MATERIALS AND METHODS

Materials
Preparation of monocytes. PBMC were incubated on gelatincoated tissue-culture flasks for 1 hour at 37°C to allow adherence of monocytes.' Nonadherent cells were recovered by washing of the flasks with warm medium and the adherent cells were cultured with fresh medium in the presence of 1,OOO UlmL of IFNy or GM-CSF for 4 days. Macrophages activated with IFNy are termed MIFN, and cells incubated with GM-CSF are referred to as MCSF. Culturederived macrophages were then recovered by incubating the monolayer with cold phosphate-buffered saline (PBS), followed by vigorous pipetting. Viability of cells was greater than 90% by trypan blue exclusion, and typically less than 5% of cells were contaminating lymphocytes, as determined by flow cytometry using anti-CD2 and anti-CD19 monoclonal antibodies (MoAbs).
Percoll density gradient centrifigation. Plastic nonadherent cells were further depleted of adherent cells and B cells by incubation on nylon wool columns for 30 minutes at 37°C. The cells passing through the columns were then placed on a six-step discontinuous density gradient, as previously described, for separation of LGL and T cells.27 T-cell-enriched populations were located and recovered from fractions 4 through 7. For generation of SEA-activated CTLs, T lymphocytes were incubated at a concentration of 2 X IO6 cells/ mL with 10 ng/mL of SEA and 2 U/mL interleukin 2 (E-2) for 4 days in 25-cm' tissue-culture flasks in the presence of 1 % monocytes, washed twice in medium, and used as effector cells in a cytotoxicity assay (see below).
For characterization of CTL phenotype, rabbit-antimouse IgGcoated immunobeads were used essentially as described.'* Briefly, 3-day SEA-stimulated CTLs were incubated at 4°C for 30 minutes with anti-CD8 or anti-CD4 antibodies. Cells were then washed with PBS supplemented with 1% FCS and then incubated with washed immunobeads at 4°C for 30 minutes, with agitation. CD8+ or CD4' T cells were then recovered by magnetic adherence, washed and then cultured overnight in fresh medium to allow capping of the antibody-magnetic bead complex to occur, which were then removed by magnet. All antibodies were purchased from AMAC, Inc (Westbrook, ME) and immunobeads were from Advanced Magnetics (Cambridge, MA). The phenotype of purified lymphocytes was verified by flow cytometry, and there was typically less than 5% of contaminating populations present.
Fluorescence-activated cell sorting analysis of SEA-activated PBMC. PBMC were cultured at a concentration of 2 X lo6 cells/ mL in medium alone or in the presence of 10 nglmL of SEA and 2 UlmL IL-2 for 4 days in Teflon (Fisher Scientific, Pittsburgh, PA) beakers, to allow for complete recovery of adherent cells. Cells were then stained with LeuM3-fluorescein isothiocyanate (FITC) (anti-CD14; Becton Dickinson, Mountainview, CA) or with FITC-conjugated isotype control antibody (IgG2a) and then analyzed on the FACScan flow cytometer (Becton Dickinson). Only live cells were analyzed as determined by exclusion of propidium iodide-stained cells.
Measurement of CTL-and ATP-mediated cytotoxicity. A 5-hour 51Cr-release assay was used to measure the effect of CTLs or ATP on cytokine-treated macrophages, and was performed essentially as previously described.',29 Macrophages were labeled with sodium [''Cr] chromate (Amersham Corp, Arlington Heights, E ) for 1 hour in 0.5 mL of medium and washed once with PBS. SEA, at a concentration of 100 ng/mL in 2 mL of PBS, was added to indicated target cells, and then incubated for 30 minutes at 37°C. Cells were washed twice with PBS to remove unbound SEA and then added to serial dilutions of CTLs or ATP in microtiter wells at 5 X 10' cellslwell in a final volume of 0.2 mL in each well. When using ATPase solutions, the indicated amount of enzyme, or its respective carrier salt, was added directly to assay wells just before the addition of target cells. Control wells in which no effector cells were added were also prepared to verify that enzyme solutions had no direct effect on the viability of targets. All determinations were done in triplicate, and the SEM of all assays was calculated and was typically 5% of the mean or less. Student's t-tests were performed to identify significant differences between treatments. Lytic units were calculated and were defined as the number of effector cells per 1 X IO' required to lyse 20% of the target cells.
Electron microscopy. For the morphologic studies, MEN were incubated for 15 minutes in medium alone or in the presence of 1.25 mmol/L ATP for 5 to 15 minutes. Additionally, cocultures of purified SEA-activated CTLs and SEA-pulsed MIFN were incubated at an effectorltarget (ER) ratio of 4/1 for 2 hours. Cells were then fixed with 1% glutaraldehyde in 0.1 mom phosphate buffer, postfixed with 1% osmium tetroxide, and embedded in resin according to routine techniques. For electron microscopy, thin sections were mounted on nickel grids, stained with uranyl acetate and lead citrate, and examined with an electron microscope.
RESULTS
Depletion of macrophages from SEA-activated PBMC cultures. The central focus of these studies was to determine whether ATP was involved in homeostasis of the immune response, as a mediator of CTL lysis of APCs. Therefore, preliminarily, it was important to determine if macrophages were eliminated from cultures of activated PBMC, as a means of downregulating an immune response. Figure 1 depicts the flow cytometric analysis of both control (Fig l, A and B) and SEA-activated (Fig 1, C and D) PBMC cultures that were stained with anti-CD14-FITC antibodies (the scattergram is included to define the monocyte/macrophagegated population, seen in Fig 1, B and D 
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However. after activation with SEA and IL-2. less than 3% of the PBMC were positively stained with anti-CD14 ( Fig IC) . with only 9% positive cells present in the gated population (Fig I D) . establishing the disappearance of monocytes/macrophages from antigen-stimulated PRMC cultures.
Cort~p~~risor~ of CTL-arid ATP-rnerlinted !\.sis of SEAp r~l s c~l rltcrc.rr)l,ltrr,~e.s. Our previous studies using extraccllular ATP to lyse human macrophages had shown increased sensitivity o f MlFN to ATP-mediated cell death.
as compared with MCSF. or macrophages incubated for 4 days in medium alone.'" Untreated macrophages were not routinely included in these assays because no significant differences in their responses to ATP were noted between MCSF and control cells in preliminary studies. and cytokine-treated macrophages were typically more viable than cells incubated in medium alone: =90% viability seen for the former cells, and 75% for the latter.
To determine whether ATP played a role as a soluble mediator in the CTL-mediated lysis of APCs. it was essential to fully characterize the lysis of SEA-pulsed macrophages by both agents. For this experiment. MlFN and MCSF were pulsed with SEA (or incubated in PRS alone as a control). and used a s target cells in a S-hour "Cr-release assay (Fig   2) . For these studies. although sensitivity to lysis was noted at 10 ng/mL SEA (data not shown). a concentration of 100 ng/mL of SEA was used because preliminary studies had determined this to be the optimal concentration. As shown in Fig 2A. only macrophages that had been pulsed with SEA served as targets for SEA-activated CTLs. with little lysis noted for unpulsed cells. In experiment 1. lysis of MCSF was only 9 ? I lytic units in the absence of SEA. and increased to 77 ? 2 lytic units when incubated with this superantigen. Similarly. lysis of MlFN alone was only I7 t I lytic units, which was elevated to 313 2 12 lytic units when cells were pulsed with SEA. Also of importance was the evidence that MlFN were significantly more sensitive to CTL killing than MCSF.
To ascertain whether pulsing of macrophages with SEA caused cells to become more sensitive to ATP. this purine nucleotide was used as the effector molecule in Fig 2B. Unlike lysis by CTLs. there was no significant difference in the ATP-mediated lysis of macrophages. whether or not they were coated with SEA. Taken together. Fig 2 indicates that MlFN are more easily lysed by both ATP and CTLs. More importantly. lysis of macrophages does not occur unless antigen is presented to CTLs, which presumably triggers the release of soluble mediators.
Clltrrctcreri~trtion of the phcrlotype of CTLs thtrt lyses APCs. Because both CD4' and CD8' CTLs m reported?" it was important to determine which phenotype was more likely to kill superantigen-presenting cells. In this regard. CTLs were activated with SEA for 3 days. positively separated into CD4' or CD8' subpopulations by magnetic immunobeads, and incubated an additional I8 hours to allow capping and removal of the magnetic beads to occur. These cells were then assessed for their ability to kill SEA-pulsed MIFN. and compared with CTLs which were not separated. As shown in Fig 3, both CD4 ' and CD8' CTLs were capable of lysing SEA-pulsed MIFN. although the latter phenotype was a more effective killer than the former cell type. ie. at an E/T ratio of SO/I. CD4' cells caused 29% 2 2% specific lysis as compared with 62% 2 4% lysis by CD8-cells. As a point of comparison with Fig 2A. the lytic units were calculated for these data and the lysis of MlFN by CTLs. CD4'. and CD8' cells was 215. 82. and S17 lytic units. respectively. although the percent of killing was lower (data not shown). A similar pattern of lysis was seen when using SEA-pulsed MCSF. It should also be noted that MlFN or MCSF that were not preincubated with SEA were not lysed by either CD4' or CD8-T cells. indicating that separation of T lymphocytes into these subpopulations did not alter their ability to kill APCs. For the remaining experiments. CD8' CTLs were used because these cells exhibited more effective lytic ability. In addition, removal of contaminating non-MHC-restricted killers (ie.
LAK cells) was achieved during this purification scheme.
cfiw of hc~.rokinn.se on CTL-medirrred lysis of tn(rcrophtrges. Because MlFN are found to be significantly more sensitive to lysis by extracellular ATP than MCSF.'" and because CTLs reportedly secrete ATP upon ligation of the ated lysis of antigen-presenting MIFN was explored. To directly determine whether ATP was the lytic agent. 2 U/mL of hexokinase. which hydrolyzes ATP. was added to the cytotoxicity assays. In addition. the equivalent amount of sodium citrate that was found in the hexokinase preparation was added to the cytotoxic assay in the controls to determine whether CTLs were directly inhibited by the solvent. As tant to lysis by extracellular ATP in preliminary studies. It should be noted that at higher concentrations of enzyme, some interference by the salt control was noted, and total inhibition of lysis was never seen. Another ATPase preparation (Sigma #A7305), also caused similar reduction of lysis (data not shown).
ATP-induced necrosis of macrophages. From previous reports on CTL-mediated lysis of target cells, both necrosis and apoptosis can be seen.33 In other studies, ATP was shown to induce apoptosis of some murine tumor Therefore, it was important to determine which mechanism of cell death of macrophages was caused by treatment with ATP. For these experiments, MIFN were incubated for 5 to 15 minutes in the absence (Fig 5A) or presence (Fig 5 , B and C) of 1.25 mmol/L ATP. From previous experiments, this concentration of ATP induced greater than 75% specific lysis of cells during this time period, as determined by both trypan blue exclusion and "Cr relea~e.'~ From the morphologic changes of ATP-stimulated cells in Fig 5 , B and C, it is determined that cell death is a result of necrosis, and not apoptosis, for the following reasons: (1) there was intracellular edema induced by ATP, which is characteristically seen in necrosis, and not shrinkage, as is seen with apoptosis; (2) there was rupture of normal mitochondrial architecture, which is commonly seen in necrosis, and not in apoptosis; and (3) the pattern of nuclear changes was inconsistent with apoptosis, as there were no apoptotic bodies or condensation of nuclear chromatin beneath the nuclear membrane. Thus, it is apparent that ATP causes the death of MIFN via necrosis, as determined by morphologic criteria. 35 CTL-induced necrosis of APCs. Because CTLs are reported to induce both apoptosis and necrosis in their ?get cells,3' it was important to determine how CTLs killed MIFN in our system to verify a role for ATP as a lytic mediator. For this experiment, SEA-activated CTLs and SEA-pulsed MIFN were cocultured for 2 hours at 37°C at an EST ratio of 4/1 to allow time for recognition, triggering and lysis to occur, then examined by electron microscopy for the presence of necrotic or apoptotic APCs. Figure 6 shows the presence of a necrotic macrophage, which is associated with 2 CTLs, and is representative of most of the macrophages seen under electron microscopy. The inset depicts an enlargement of the macrophage, with destruction of mitochondrial cristae, found in the last stages of necrosis. There were no apoptotic macrophages seen in this preparation, confirming that necrosis is the mechanism whereby CTLs kill APCs in this system. Effect of actinomycin D on CTL-mediated lysis of APCs. To further define the mechanism by which CTLs kill SEApulsed macrophages, we preincubated "Cr-labeled target cells with the macromolecular synthesis inhibitor actinomycin D, which was shown in a previous report to inhibit the killer cell-induced apoptosis of a murine tumor target cell, YAC-l." As a positive control in our assay system, we included the ATP-resistant target cell, RPMI-8866. In preliminary experiments, lysis of RPMI-8866 by SEA-induced CTLs occurred when these target cells were preincubated with SEA, similar to those results seen with macrophages (see below). Because these cells are not sensitive to ATP up to concentrations of 5 mmol/L, their lysis by CTLs must be mediated via a mechanism distinct from ATP-related events. As shown in Fig 7, Effect of a calmodulin inhibitor on CTL-and ATP-mediated lysis of SEA-pulsed target cells.
In examining the mechanism whereby ATP causes the lysis of macrophages, our preliminary studies had identified a role for calmodulinlinked systems. In those experiments, calmodulin antagonists were found to significantly inhibit the killing of macrophages by ATP.36 If ATP mediated the CTL-induced lysis of SEApulsed MIFN, then calmodulin inhibitors should be effective in our assays. For these experiments, KN-62, an inhibitor specific for multifunctional Ca'+/calmoduIin-dependent protein kinase I1 (CaM kinase 11),37 was added to cytotoxicity assays and assessed for its ability to block CTL-and ATPmediated lysis of SEA-presenting MIFN and RPMI-8866. As shown in Fig 8, KN-62 For ATP-mediated lysis of MIFN, from a control level of 49% t 2% specitic lysis to 3% 2 l % lysis with S pg/mL of inhibitor. KN-62 was found to also block the CTL-mediated lysis of MIFN. with lysis of 42% 2 1%. 33% 2 l%. 2S% 2 2 8 . and 16% t I % in the presence of 0, S. 10. and 20 uglmL of KN-62. respectively. However, KN-62 had no significant effect on the CTL-mediated lysis of RPMI-8866. It should be noted that DMSO. the vehicle for KN-62. had no effect on either the ATP-or CTL-mediated killing of either target cell at the concentrations used in these assays. Additionally. KN-62 was not directly toxic for CTLs. MIFN. or RPMI-8866. as determined by trypan blue exclusion or by the spontaneous release of 5'Cr from target cells at the concentrations used in these assays.
DISCUSSION
In the present study, the CTL-induced lysis of SEA-pulsed APCs was used as a model system to explore the role of ATP, theorized to be released from stimulated CTLs. in the immune system. As expected, MIFN were far more susceptible to CTL-mediated lysis than MCSF. This is likely due to their increased MHC class I1 expression, which occurs after activation of macrophages with IFNy and. therefore. which would render these cells to be more efficient APCS.'~ Concurrently, MlFN are inherently more easily lysed by the putative soluble mediator. ATP, which led us to the hypothesis that ATP was at least one mechanism by which CTLs could kill APCs. leading to downregulation of the immune response because of the elimination of highly active APCs.
The mechanisms whereby CTLs lyse target cells is currently of intense interest. They can cause cell death via both apoptosis and necrosis. which appears to depend on the type of target cell and the mediator involved.3' Because perforin is thought to lyse cells via the formation of pores in the target cell membrane. its mode of action is likely caused by ne~rosis."~~'" In other studies, the ligation of the Fas antigen on target surfaces by CTLs results in apoptosis of the target cells. which led researchers to the hypothesis that perforin and the presence of the Fas ligand were the major mechanisms of CTL-mediated killing of target However, we have previously shown that human macrophages were not lysed by perforin,2y and our preliminary studies using commercially available anti-Fas antibodies indicated that this mechanism is similarly ineffective in killing APCs, despite overnight incubation of target cells (data not shown). Thus, ATP was explored as another mechanism of killing human APCs in this report. On other studies, ATP itself has been shown to signal apoptosis in some target cells since DNA fragmentation patterns are ~e e n ,~' .~~ particularly in combination with TNFs.~" However, in EL-4 murine tumor cells, ATP was able to kill these cells, but apoptosis was not evident, leading to the possibility that this soluble mediator could cause either apoptosis or necrosis in target cells through, as yet, unknown mechani~rns.~' In preliminary studies, our attempts to show the induction of apoptosis of human macrophages by ATP by DNA fragmentation assays were unsuccessful, despite using several different protocols. However, from electron microscopic analysis, it appeared that necrosis was the means by which ATP caused their lysis, not apoptosis. The electron micrographs of CTLs attached to necrotic macrophages strongly suggest that, in the present model system, this mechanism of cell death is used during antigen presentation. This result is also supported by the inability of actinomycin D, an inhibitor of apoptosis, to block either ATP-or CTLmediated lysis of MIFN. Under the same conditions, actinomycin D significantly inhibited the lysis of SEA-pulsed RPM1 8866, a B lymphoblastoid cell line could effectively present antigen to CTLs.
How does ATP trigger cell death? There is increasing evidence that target cells must actively participate in their own killing, according to a "suicide" program.'6,'7.4' Some cells are sensitive to membrane lysis, inducible by perforin. which opens 2-to 16-nm channels in target cell membranes. leading to depolarization, influx of Ca", and lysis, but without DNA fragmentati~n.'~ Other cells undergo DNA fragmentation, slowly induced by TNF or a combination of perforin and granzyme A, which happens before membrane r u~t u r e . '~.~ It appears that susceptibility to cytotoxic agents may be dependent on the presence of appropriate receptors or specific intracellular transduction mechanisms. Recently. ATP has been shown to induce both DNA fragmentation and Ca'+ influx in murine thymocytes and EL-4 cells. an event that was inhibited by the presence of calmidazolium. a calmodulin inhibitor.34 Because of its ability to cause DNA fragmentation in certain susceptible cells, ATP has been implicated as a mediator in apoptosis, or programmed cell death.2'.34 The responses of murine thymocytes to ATP are characteristic of apoptosis and include condensation of chromatin, blebbing of the cell surface, and breakdown of the nucleus and are accompanied by DNA fragrnentati~n.'"~'
In another study, Richardson et al" reported that cloned CD4' T cells killed autologous tetanus toxoid-presenting macrophages via apoptosis. Also in contrast with our results, the activation of macrophages with IFNy had no effect on their sensitivity to killing by cloned T cells. Although it is not clear why these studies differ, it is possible that the source of T cells, freshly activated CD8' CTLs in the present study versus cloned CD4+ T cells in the previous report, may indicate different pathways of APC elimination exist within different cell types. It is also possible that the antigen specificity of the CTLs may trigger alternative pathways of killing. Although SEA used in our experiments is a superantigen, we have similar results using Candida albicmr as the antigen source (data not shown). Nonetheless, the rnanifestation of several mechanisms of lysis of APCs within T lymphocyte subpopulations emphasize the importance of the elimination of APCs from an immune response.
Although SEA appears to specifically bind to HLA-DR' the interaction between CD8' cells and their targets is mediated by ligation of MHC class I. Although it seems contradictory that CD8' CTLs more efficiently killed APCs, the lysis of SEA-presenting target cells by both CD4' and CD8' cells is reported,30"2 and it appears that the presence of HLA class I1 on the target cell is essential for efficient killing.46~4x In other studies, CTL lysis of class 11-negative APCs can occur, suggesting that other ligands may be involved!'
In the present model, it appears that both CD4' and CD8' cells lyse SEA-pulsed MIFN, though the latter CTL is the more efficient.
The present studies show the possibility that more than one mechanism of killing of MIFN exists because lysis of SEA-pulsed target cells is not completely blocked by ATPases or calmodulin antagonists. However, it may be difficult to efficiently introduce these agents into the target ceIIlCTL junction, and further data are required to fully discriminate the signalling pathways involved in killing APCs.
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The inhibition of CTL-mediated lysis of macrophages by KN-62 suggest a role for calmodulin as part of the signal cascade toward necrosis. However, it is possible that the CTLs are directly affected by this molecule, rather than the target cells. Nonetheless, these experiments do suggest that ATP is one part of lytic arsenal of CTLs, perhaps specifically designed for homeostasis of the immune response.
